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In response to the Examiner's objections, applicants have canceled claims 
1-13, and added new claims 14-27. The new claims address each of the 
Examiner's objections to original claims 1-13. 

The Examiner considered it unclear as to the meanings and properties of an 
"osteoinductive" vs. "osteogenetic" substance. The Examiner will note that the new 
claims contain the limitation that the protein or DNA encoding therefor is "cartilage- 
inducing and/or bone-inducing". Support for this change can be found on page 9, 
third full paragraph. As known by those of ordinary skill in the art, the term 
"induction" concerns the growth, differentiation and stimulation of cells. There is 
overlap between the meanings of the terms "osteoinductive" and "osteogenetic". 
However, those of skill in the art understand that proteins of the TGF-p superfamily 
are responsible for several different types of effects on bone cells. For example, 
proteins such as MP52 are known to stimulate mesenchymal aggregation and 
chondrogenic differentiation, just to name two of the known activities. Therefore, 
the term "cartilage-inducing and/or bone-inducing activity" is quite appropriate to 
use in this case. 

The Examiner also objected to the term "fragments thereof in claim 2. The 
Examiner will note that new claim 15 (which is based on original claim 2) includes 
the limitations that the protein fragment is a cartilage-Inducing and/or bone-inducing 
protein fragment. Thus, only those fragments providing for cartilage and/or bone 
induction are covered by claim 15. 



The Examiner objected to the terms "mature" and "essentially the same 
activity" in original claim 3. 

As is clearly stated on page 12 of the specification, SEQ ID NO: 1 is the 
amino acid sequence for protein MP52, which is described in WO 93/16099, WO 
95/04819, WO 96/01316 and Hotten et al. (1996). The beginning of the mature 
protein part of MP52 is described In WO 95/0481 9 and WO 96/01 316. SEQ ID NO: 
1 does not only show the mature part, but the pre-pro protein comprising the mature 
part, pre-pro sequences and signal peptide. One of ordinary skill in the art would 
have absolutely no difficulty in finding the beginning of the mature part of the 
protein, since it has already been known before the present application was filed. 

With regard to the term "essentially the same activity", applicants have now 
restricted this term to "essentially the same cartilage-inducing and/or bone-inducing 
activity". Such activity can be clearly proven by experiments by those of ordinary 
skill in the art. The paragraph bridging pages 9 and 10 of the specification provide 
several methods for testing this activity (e.g., in vivo testing by induction of cartilage 
and/or bone after implantation of the protein with a suitable carrier matrix into rat 
musculature; or in vitro by induction of alkaline phosphase activity in ROB-C26 
cells; and/or stimulation of the expression of proteins of the extracellular matrix; 
and/or in experiments as described by Chen et al. (1991) and/or Vukicevic et al. 
(1989)). Thus, there is plenty of guidance provided for one of ordinary skill in the 
art to determine the metes and bounds of the term "essentially the same cartilage- 
inducing and/or bone-inducing activity". 



The Examiner also inquired as to what other monomers and dimers from 
what other TGF-P proteins, when fused with SEQ ID NO: 1 , provide a therapeutic 
effect upon implantation. 

Applicants can provide ample publications on heterodimers and fusion 
proteins with other proteins of the TGF-3 superfamily, where such proteins (for 
example, comprising bone morphogenetic proteins) are described. Attached, 
applicants provide a list of abstracts which clearly show the use and pharmaceutical 
activity of heterodimers in the TGF-p superfamily. 

Much is know about the TGF-p superfamily of proteins. These proteins 
exhibit, as monomers, 6 and 7 cysteine residues, respectively, which form dimers 
via one of the cysteine residues and intramolecular bridges via the other cysteines 
in order to form the "correct" three-dimensional conformation. Due to the structural 
similarities between them, the monomers very much conform with one another. It 
had long been assumed that such heterodimers could, in fact, be applied as 
pharmaceuticals. The attached abstracts prove that this assumption was correct. 

Applicants respectfully submit that new claims 14-27 fully comply with 35 
use §112, second paragraph. Applicants respectfully request that this rejection 
be withdrawn. 

Claims 1, 2, 6-9 and 11-13 are rejected under 35 USC §1 02(b) as being 
anticipated by Urist et al. (U.S. Patent No. 4,596,574). Urist is relied upon as 
teaching the use of a biodegradable porous p-tricalcium phosphate ceramic matrix 
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with bone morphogenetic proteins (BMP) for the slow release of protein for the 
purpose of inducing new bone growth. 

This rejection is respectfully traversed as to new claims 14-27. Applicants 
have the following comments. 

Urist is directed to a delivery system for BMP comprising a composition of a 
physiologically acceptable, biodegradable porous ceramic containing substantially 
pure BMP which allows the BMP to be delivered on a sustained basis to bone tissue. 
The porous ceramic is preferably sintered calcium phosphate, preferably tricalcium 
phosphate, and especially preferably p-tricalcium phosphate. The pores of the 
ceramic are suitable for containing effective amounts of lyophilized BMP. The BMP- 
porous ceramic delivery system is prepared by introducing a physiologically 
acceptable biodegradable porous ceramic to an aqueous BMP solution and causing 
the BMP to become entrapped in the ceramic's pores by evaporating the solvent or 
freeze-drying it. 

The present claims contain the limitation that the matrix material is 
"bioactive". The matrix according to Urist is not bioactive. This is clearly indicated 
by the Example on column 4, line 57 through column 5, line 51. In this example, 
BMP is implanted on |3-tricalcium phosphate and, as a control, |3-tricalcium 
phosphate having no BMP thereon is implanted in muscle pockets of mice. The 
implants are tested after several days. In the control test, which only contains the 
p-tricalcium phosphate matrix, no bone growth was detected (i.e., there is no 



"bioactivity"). Instead, the negative side effects of the implant, such as infectious 
reactions, infiltration of macrophages and multinuclear giant cells and 
encapsulation in fibrous connective tissue) are described. All of these side effects 
can be avoided by the matrix of the present invention. Applicants refer the 
Examiner to page 13, end of the first paragraph, of the present specification. In 
order to avoid the side effects experienced using the Urist matrix, it is important to 
achieve a corresponding crystallographic phase purity (see page 7, first paragraph, 
of the present specification). Consequently, the matrices of the present application 
are decisively different from those of Urist. Thus, the present invention could not 
be anticipated by or obvious over Urist. 

Claims 1, 2, 4, 5, 7, 8, 10 and 11-13 are rejected under 35 USC §1 02(b) as 
being anticipated by Oppermann et al. (WO 91/05802). Oppermann is relied upon 
as teaching a biodegradable, biocompatible matrix and a method of making such 
comprising the fabrication of a recombinant protein or DNA into the pores of the 
matrix, wherein the pore size is from 1-100 pm. 

This rejection is respectfully traversed as to new claims 14-27. Applicants 
have the following comments. 

Oppermann et al. is directed to an osteogenic device comprising matrices 
containing dispersed osteogenic protein produced from recombinant DNA and 
capable of bone induction in allogenic and xenogenic implants. The matrix in 
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Oppermann comprises biocompatible, protein-extracted, mineral-free, dilapidated, 
insoluble Type-! bone collagen particles which may be allergenic or xenogenic to the 
host. The particle size of the matrix is within the range of 70-850 |jm, and the matrix 
may be fabricated by close packing the particles into a shape spanning the bone 
defect. 

It is clear that Oppermann does not anticipate and/or render obvious the 
present invention. There is no disclosure whatsoever that the matrix material should 
be composed of a calcium phosphate, as claimed herein. Thus, for this reason 
alone, Oppermann could not anticipate or render obvious the present invention. 

In addition, as with Urist, it is clear that the matrix of Oppermann is not 
"bioactive", as required in the present invention. It is clearly disclosed in Oppermann 
that the matrix alone does not induce bone growth. See, for example, page 52, lines 
13-14 and page 56, lines 14-16. For this additional reason, Oppermann could not 
anticipate or render obvious the present invention. 

Claims 1-13 are rejected under 35 USC §1 03(a) as being unpatentable over 
Urist in view of Oppermann and HStten et al. Urist and Oppermann as been 
discussed above. Hdtten is relied upon as disclosing the protein GDF5 (also known 
as MP52). The Examiner takes the position that it would have been obvious to 
combine Hotten with Urist and Oppermann. 
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As noted above, neither Urist nor Oppermann disclose that the matrix 
material used therein should be "bioactive" as claimed herein. The addition of 
Hotten would not overcome the failure of the primary references to disclose the 
invention. While it may have been obvious to combine MP52 with a matrix only 
serving as a carrier, but which exhibits the disadvantages described as the prior art, 
it could not have been obvious to combine MP52 with a bioactive matrix material, 
as claimed herein, which surprisingly does not shown the negative side effects of 
the known matrices. Applicants respectfully submits that the present invention is 
not unpatentable over Urist in view of Oppermann and Hotten. 

In the event this paper is not timely filed, applicants hereby petition for an 
appropriate extension of time. The fee for this extension may be charged to our 
Deposit Account No. 01-2300, along with any other additional fees which may be 
required with respect to this paper. 
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Respectfully submitted, 

Arent Fox Kintner Plotkin & Kahn 
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Oepartnanc of Oevelopmencal Biology, Gaa«„tech, :„c., South San yranci3eo/^*r»-.?t^ 

The hu«an osteoinductiva proteins 8MP-2a and aMP-2b hava been cloned and 
expressed in mammalian cells. In order to improve- expression levels ue 
examined the role of the proregion in assembly and export. Use of the BMP,2a 
proregion combined with the mature region of BMP-2b leads to dramatically 
improved expression of mature BMP.2b. Mature BME-2h has been purified to 
near homogeneity from the 8MP-2a/2b hybrid, and its structural properties 
and biological activity determined. Recombinant mature BMP-2b homodimar 
elicits bone formati on in vivo. 

Recombinanc bona .tiorphogenecic procein hececodime.-s 

AbscracL 

KLrod^merii"RMS''°'' "'^"''^ ' '"^'^'^^^^ producing recombinant 
Snti'naton • P""^"-" ^"^^^^ -^"^ ^i^ici oi Crafting boae defects. 
Jet "s r^rhr;^^'' "^"'"3 The Invention also 

I -lllL.l. "«"f«'3i'ner. and ccmpo5i-.i=ns coP.caining them. 

ls^t«n!f'' r""^' David (Concocd, KA); WoI£ZZTbI"7.Td7v17,'^'~. 
Filed: November 27, 1992 
Auszug aus Mattrixbeschreibung: 

JechfU?;-? '''' ""^"'-^ ^atscial is based on biocompacibiiity, bicdegracabilicv 
nr.echanicl properties, cosmetic appearance and --ira-ca-e oran-rrTl- tk- 

nydrSapatiL L^^^ '^f "icalciumpho^phac*, 

Q^°-nr<f? ' -^f^^ "^"^ polygiycolic scid and poiyanhydrides Other 

SonTo'demat'c: lacen "^uJ^^f f '"'^ biologically Sell deJ^n^dr'such'! 
s„ 'fl°^T.!f^ collagen. Further macrices are comprised or pure proteins or 
a^d'-heiic-?^"'f components, other poce.n.tiai matrices afe nonbiodegradable 

vZ^ -e.amich. Macric«s may be comprised of combinations of anv of rh*. 

oTcoUa;:n°!nd ^'^^^ PoLyUcSc :cld Ld h^dLxJapatite 

comooLr?* .--'^<=^lci'^"Phosphace, Th* bioceramics may be altered in 

composicicn sucn as in calcium-aluminaca-phosphate and processing co alter 
pore size, particle sue, particle shape, and biodegradabilicy. ' 

Uniced 3tace5 ?acenc " 7""" 

1 Jun« 5, 1990 

Meterodim^r form of cransforming growth faccor-beca 

Abscracc 



Inventori: Lucas; Roger C. (Blai.rve, ^'rweltherbe^'jImerA" (S^ 
Assian-. Anthony, MN); Tsang; Monica L.-S. (Sc. Anchony,\MN) 
Assignee: Techne Corporation (MLL-^eapolis, m.N') ■ 
Appl. No.: 008808 
riled: January 30, 1937 
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Growth Factors 1996 ; 13 ( 3-4 ); 291-300 

"nlTi?;:" -rpho^enatic protaln, ,how enhanced activity in vitro 

Israel 01, Nove J. Kerns KM, Kaufman RJ, Rosen V, Cox KA, Wozney JM 
Genetics Institute. Cambridge, MA 02140, USA. 

The bone iBorphogenetic proteins CBMPs), a subgroup of the rCF-bet, ' 

frl^r «f ja-iocaUzatwn exists during »ouse embryogenes is , we 
co-expressed various contoinations of BMPs in Chinese Ja««ter ovary cells to 
test for possible heteroduner formation and activity. Transient 
co-expression of BMP-2 with either 8MP-S. BMP-6 or aMP-7 or BMP -4 
transiently co-expressed with BMP.7, resulted in J^B^ Z^^C^, than 
^LtTZ :t = -^^ii ware then made i^'orS" to 

Z-2\llt bSp rJSJdL'LT'T'"'.''^^ " co-expressi" of 

aSut 2^ f=?f kJ I it i^eterodiisaric BMP-2/7 with a specific activity 
about 20-fold higher than BMP hojoodimars in an in virr.« Z L 

induction aasay. These heterodiinars \^re also 5 J ^o f }J Pl^osphatase 



Biochem Biophys Res Conroun 1995 May 23 j 210(3) : 670-7 

het^odw!*" '^'"^^-^"'^^^^"^ -^i-i'^y ^-^^ morphogenetic protein-4/7 

Pharinaceutlcal Research Division, Takeda chemical Industries, .td., Osaka, 

P^J;"8^S^j:t.*jj:^^""%""* recombinant Xenopus bone morphogenetic 

homodwars of xBMP-4, 7 and heterodimers (X8MP-4/7) 
produced by a baculovirus expression system. Highly purified x^s hid 
homogeneous NH2-termini predicted from a consensus m^Sf Sa-xS!*^^ whil. 
llir^^ ^'^""^ ^»Pl-tation of^'^^sl^ge^J^f ^It? 

^er ThT::B^:/Tha? "^'^r' r '^'^^ ^^^'^^^ « . doe:!d:peLnt 

^Uvfdos!^^ ( ,J ' '^"'"^'^ strongest activity, with an 

attective dose of 1-30 micrograms, while more than 10 micrograms of xaMP-4 

llli * significant effect. HistoLgica! 

thaf^M^!, ?f ^"^"""^ aik*iine phosphatase 3-foid more strongly 
cnan xBMP-7 and 20-fold more than xBMP-4. These results suggest that the 
heterodunaric form of BMP would generate the strongest .3 ignaTtr^gger^^! 
osteogenic differentiation of o,teopro<,e«iao, o^u! i„ .dJlt ei"!!! ' 



p. 003 



Biochem Biophys Res Comun 1995 Apr 25; 209(3) ; 8S9-66 

Efficient expression of a heterodimar of bone mcrphogenetic protein subunits 
uauig d bacuiovirus expression system. 

Hazania M, Aono A, Ueno K, Tujisawa Y 

Phtirmaceutical Reaaarch Division, Takeda Chemical Industries Ltd., Osaka 
J dpan . ' 

Recombinant baculoviruaes as expression vectors for Xenopus bone 
aorphogenetic protein (xBMP)-2, 4 and 7 were generated. The conditioned 
medium of insect cells infected with the virus for xBMP-2 or 4 shewed strong 
trl^l^'il phosphatase. inducing activity in a mouse osteoblastic cell line, 

7, ^^''^'^^^ * portion of the activity remained in the infected 

ceils. In contrast, xSMP-? was preferentially secreted into the mediua, but 

activity. Conditioned q,edia gollowing siaultaneous inoculation 
with the viruses for xBM9-7 and for xSMP-2 or 4 showed a remarkably 
f'Zl^^ltt ^^''^t "5 *f ^^^'^y- increased activity was clearly separated 
e-om other peaks derived from single infection on a cation-exchange column 
vBM»T ""Z ^^'^ ""^^ diaulfide-linked heterodimer consisting of 

xBMP-4 and 7 subunits by iinmunoblot analysis. The heterodimer also augmented 
osteocalcin production and parathyroid hormone-sensitivity more strongly 
than the homadimers. These results suggest that our expression system 
provides a convenient source of heterodimer ic 3M? with high osteogenic 
airrerentiation-inducing activity. 



J Biol Chem 1990 Aug 5; 2oS (22 ) : X3193-20S 

Bovine osteogenic protein is composed of diaiers of OP-i and BMP-2A two 
members of the transforming growth factor-beta superfamily. 

Sampath TK, Coughlin JE, Whetstone RM, Banach D, Corbett C, Ridge RJ 
Ojkaynalc S, Oppermann M, Rueger DC ' g "J, 

Creative aioMolecules , Inc., Hopkinton, Massachusetts 01748. 

as''ostI^»f!!r^''^ "'^^^^^ purified from bovine bone and designated 

na !!^rr?t* protein (OP). The purified OP induces new bone at less than 5 
iltrJx i^^tfT*"^ differentiation activity at about 20 ng/25 mg of 

matrix implant m a subcutaneous bone induction assay. The purified 
osteogenic protein is composed of disulfide-linked dimers that migrate on 

llt^ tn^.r'^"^ ^"i' " * '^"'^ "^^^ - *PP«««t molecular 

weight of 30.000. upon reduction, the dimers yield two subunits that migrate 
with molecular weights of 18,000 and 16,000. Both subunits are glycosylated. 
01 Z "'t^'^^l enzymatic deglycosylation, the dimers migrate as a diffuse 
27-kDa band that upon reduction yields two polypeptides that migrate at 16 
)cDa and 14 kOa, respectively. The carbohydrate moiety doto not appear to be 
essential for biological activity 3i.ice the deglycosylated proteins are 
capable of inducing bone formation in vivo. Amino acid sequences of peptides 
generated by proteolytic digestion show that the subunits are distinct but 
related members of the transforming growth factor-beta super-family. The 
la-kDa subunit is the protein product of the bovine equivalent of the human 
OP-l gene and the 16-kDa subunit is the protein product of the bovine 
equivalent of the human BMP-2A gene. 



J Biol Chem 1992 Feb 5 ; 267 ( 4 ) : 2325-8 

'2^t:^r2^h2.r°^'''*'"''-^""'^^" transforming g„wch factor-be« 2.3 and 
oeta 1,2 haterodimera rrom bovine bone. 

Ogawa x. Schmidt DK, Dasch JR, Chang Rj, Glaser CB 

Caltrix Laboratories, Palo Alto, California 94303. 

A unique form of tranaforroing growth factor-beta (TCF^beta) TGF-beta 2 3 
migrated as a single JS-kDa ba«d by sodium dodecyl sulfate-oolvacrvlLid. 

S^i Jc^b!?' r J^r.'-' positively with anti-TGF-beta 2 !nd 

TGF h!f "f «»tibod.e3 on immunoblota. Equal levels of TCF-beta 2 and 

lZ:^ l\^Z:irr"" "^tV" ^-^--^^ sequencing. TGF-botf 2 Z 
ch^o^tJL* I ^^"'^ ^^^«"«-Phase high performance liquid 

re"i;ed''i;''-L T^"' f'^^ -Auction of the protein with dithiothreitol 
Jsr-ieS T^ Z'IT "'^^ =-taining predominantly 

lar aeta 3 and tne other containing predominantly TGF-beta 3. XGF-beta 2 3 
inhibited proliferation of mink lung epithelial cella and p^omlSdlhe 
formation of colonies of normal rat kidney fibroblasts in cu!^re wUh 

° '='J-°l°5«*i activity similar to thos« =f TGF-beta ! i^d ^GF-Sta 2 
These results demonstrate that the protein is TGF-beta 2.3 heJer;dL2 
consisting of one polypeptide chain each of TGF-beta 2 !nd 5GF!S^aTlinked 
prev^^u"? j^-^"^^- I- «<id"ion, TGF-beta 1.2 hetero^W, 

Nature 1986 Jun 19-25 ; 32 1 ( 6Q72 ): 779-82 

£oSi':?'i^hibi:."'^^^^' - heterodi^r of the beta-subunits from the two 
Ling N. Ying SY, Ueno N, ShL-nasaki 3, Esch F, Kotta M, GuiUemin R 

KJSSry%:iu:tf ^P^if-^Uy inhibit, the secretion of 

Kav^e been o^^Jf^irf ^orr^^T.,. (FSH). Two farms of inhibin (A and B) 

nave been purif^d from porcine follicular fluid and characterized as 

u f Identical alpha-subur.it of Mr 18,000 and a distinct but 

bo^'rt TS;::h:ut\f l-^^-' interchain dL'tphide ' 

t^rJri^tl^r!^ J P"'^'"""" inhibins, we consistently observed 
h«L ? stimulated the secretion of pituitary FSH. We report 

?4 ^00 Lflirr^ °' ""r "'^^ rSH-releasm, proteins;'it has \ S'^f 
^f'«l^ . N-termxnal sequences up to residue 32 are identical to those 

aje^: sL''::f ""''i^'-r^^'r * ^^^^ --^--^ 

sSstlAce r^'T^'^^ ^^'^ alectrophoresis resolves the FSH-releasing 

suDsCdnce into two subunits which •ih-.,**-^* i • TOaxuy 

B UnkH^^ ! protein composed of the two beta-subunits of inhibins A in" 
the JsSfreLr T/"^'^*^^'^" "--tural organization o? 

fact^r^b^L rTsTb^S. r J'^^^'"- ^"^ transfoLing growth 

cactor Deta (TGF-beta), which also posaessas FSH-releaaing activity in i:h« 

the fact that it has opposite biological effects to inhibin. 



